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Abstract 21 
The present study was conducted to explore the potential to incorporate local 22 
plant-based feed ingredients into diets formulated for the mud crab species, Scylla 23 
paramamosain commonly exploited for aquaculture in Southeast Asia. Four test 24 
ingredients (defatted soybean meal, rice bran, cassava meal and corn flour) were 25 
incorporated at 30% or 45% inclusion levels in a fishmeal-based reference diet, and used 26 
in digestibility trials where apparent digestibility coefficients (ADCs) for experimental 27 
diets and test ingredients were determined. Generally, high ADC values were obtained 28 
using diets containing 30% soybean meal or rice bran. By contrast, the lowest ADC 29 
values were obtained for the diet containing 45% cassava meal (70.9% ADMD; 77.1% 30 
ACPD; 80.2% AGED). Similar trends were observed when ADC ingredient (I)  31 
digestibilities  were compared. Specifically, the highest ADCI values were obtained for 32 
soybean meal when used at a 30% inclusion level (87.6% ADMDI; 98.4% ACPDI; 33 
95.6% AGEDI)  while the lowest ADCI values were obtained using cassava meal at a 34 
45% inclusion level (53.8% ADMDI; 60.2% ACPDI; 67.3% AGEDI). Based on the 35 
current findings we propose that soybean meal and rice bran could be considered for 36 
incorporation into formulated diets for S.paramamosain. 37 
 38 
 Introduction 39 
 Mud crabs of the genus Scylla are commercially important  in several  Indo-40 
Pacific countries and they provide an important source of income and fresh food for 41 
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many coastal fishing communities (Keenan 1999). Currently, mud crab farming is well 42 
established throughout Southeast Asia with most mud crab farmers using trash fish, 43 
bivalve meats or animal by-products as feeds. This traditional feeding practice, however, 44 
is now considered unsustainable and the development of formulated low cost grow out 45 
diets is widely viewed as a priority issue for mud crab aquaculture (William & Abdullah 46 
1999; Edwards, Tuan & Allan 2004; Christensen, Macintosh & Phuong 2004; Fielder 47 
2004; Tuan, Anderson, Luong-van, Shelley & Allan  2006).  48 
Consideration of any feed ingredient for incorporation into aquafeeds requires 49 
data on the target species capacity to digest and absorb it. Several recent studies have 50 
confirmed that the mud crab species Scylla serrata has a significant capacity to utilise 51 
feed ingredients from a variety of terrestrial animal or plant-based sources. In particular, 52 
many plant-based ingredients have been evaluated for their potential to be incorporated 53 
into aquafeeds for this species. For example, Catacutan, Uusebio & Teshima (2003) 54 
demonstrated that soybean meal, corn meal and copra meal were all highly digestible in 55 
diets formulated for S. serrata.  Tuan et al. (2006) also reported apparent digestibility 56 
values for soybean meal in diets formulated for S. serrata which were not significantly 57 
different to those obtained using fishmeal.  Likewise, Truong, Anderson, Mather, 58 
Paterson & Richardson  (2008a) reported high apparent digestibility coefficients for 59 
soybean, canola, lupin and cottonseed meals incorporated into diets formulated for this 60 
species. In addition, the study of Truong et al. (2008a) demonstrated that the inclusion of  61 
wheat, corn or rice starch did not significantly reduce the apparent protein and energy 62 
digestibility values of formulated S.serrata diets.   63 
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The present study was carried out to determine the capacity of the mud crab 64 
species commonly cultured in Vietnam, Scylla paramamosain, to digest formulated diets 65 
containing selected, locally available plant-based ingredients (defatted soybean meal, rice 66 
bran, cassava meal and corn flour). Apparent digestibility coefficients for dry matter, 67 
crude protein and gross energy were determined for test ingredients and diets containing 68 
test ingredients. The effect of varying the inclusion level of test ingredients on nutrient 69 
digestibilities was also examined. 70 
 71 
72 
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Materials and Methods 73 
Experimental site and animals 74 
The experiment was carried out at Research Institute for Aquaculture No 3 75 
(RIA3), Nha Trang, Vietnam from 20 November 2006 to 4 January 2007 with hatchery 76 
reared sub-adult mud crabs (94.1± 1.1g) collected from a pond at RIA3.  Crabs were fed a 77 
commercial diet (Turbo, C-P Feeds, Thailand) twice daily at a feeding rate of 3% body 78 
weight for a week to acclimate to experimental conditions.  79 
Culture system 80 
Crabs were assigned randomly into nine groups with twelve crabs in each group 81 
and held in black individual containers (19cm x 28cm x 21cm) which were covered by 82 
plastic net lids. For all experimental treatments, crabs were supplied with recirculated, 83 
aerated seawater. During the experimental period, temperature, salinity, pH, and 84 
dissolved oxygen of water were maintained at 27.5 ± 0.5oC, 27.5 ± 1.5g L-1, 7.67±0.09 85 
and 4.26±0.18mg L-1, respectively.  86 
Diet preparation  87 
Diets used in the experiment were prepared by thoroughly mixing dry ingredients, 88 
followed by wet ingredients, until a crumbly dough consistency was achieved. All diets 89 
contained 0.5% Chromic oxide (Cr2O3) as an inert indicator to allow the calculation of 90 
digestibility coefficients (ADC) for dry matter (ADMD), crude protein (ACPD) and gross 91 
energy (AGED). Pilot studies determined that there was no significant loss of detectable 92 
chromium (Cr) in feed pellets immersed in water at 26oC for 1h (data not shown).  93 
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Diet mixture was pressure pelleted using an electronic mincer with a 3mm die. 94 
Pellets were steamed in a rice steamer in a microwave oven (LG) for 5 min, prior to 95 
drying overnight at 50 °C in a drying oven.  After drying, diet strands were cut into 8-96 
10mm strands. All experimental diets were stored at -20°C until required.  97 
To ensure dietary protein levels in all test diets were set above those reported to 98 
promote good growth rates in culture (Catacutan 2002), a reference diet (RF) based on 99 
high quality South American fishmeal was formulated (Table 1). Eight other diets were 100 
also formulated where fishmeal in the reference diet was replaced with different amounts 101 
(30% and 45%) of rice bran,  cassava meal, corn flour or defatted soybean meal.   102 
Feeding and faecal collection 103 
Crabs were fed experimental diets twice daily at a feeding rate of 3% body weight 104 
(BW) per day until approximately 1.5 to 2g of faecal material (dry weight) was collected. 105 
A daily record was kept of mortalities in each test group. Faecal material at the bottom of 106 
the tank was collected by syphoning into a plastic sieve, then rinsed gently for one minute 107 
in distilled water and removed individually using forceps. To collect sufficient material 108 
for analysis, faecal matter from three crabs in each treatment was pooled (n=4 / 109 
treatment). All samples were lyophilized and stored at -20°C until required for analysis. 110 
Chemical analysis and calculations  111 
The proximate nutrient content of experimental diets is shown in Table 2. Proximate 112 
composition of diets and faecal material were determined at Nha Trang Fisheries 113 
University, Vietnam, following AOAC standards (1984). Cr content of diets and faecal 114 
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material used in calculating apparent digestibility values were determined using the 115 
method described by Furukawa & Tsukahara (1966).  Apparent dry matter (ADMD), 116 
crude protein (ACPD) and gross energy (AGED) digestibilities were calculated using 117 
equations described by Jones & De Silva (1998):  118 
ADMD = 100 – 100 (%Cr2O3 in feed / % Cr2O3 in faeces). 119 
Digestibilities of crude protein (ACPD) or gross energy (AGED) were determined 120 
using the formula: 121 
APD = 100 – 100 [(%Cr2O3 in feed / % Cr2O3 in faeces) x (% protein or MJ kg-1 122 
energy in faeces/ % protein or MJ kg-1 energy in feed)]. 123 
Apparent digestibility coefficients (ADC) of test ingredients were calculated using  124 
equations described by Bureau, Harris & Cho (1999).   125 
ADCI = ADCT + ((1 – s) DR / s DI) (ADCT – ADCR); where: ADCI = apparent 126 
digestibility coefficient of test ingredient; ADCT = apparent digestibility 127 
coefficient of test diet; ADCR = apparent digestibility coefficient of the reference 128 
diet;  DR = % nutrient (or kJ/g gross energy) of the reference diet mash; DI = % 129 
nutrient (or kJ/g gross energy) of the test ingredient; s = proportion of test 130 
ingredient in test diet mash (i.e. 0.3 and 0.45 in this study); (1 – s) = proportion of 131 
reference diet mash in test diet mash (i.e. 0.7 and 0.55 in this study).    132 
Statistical analyses 133 
 The significance of data were determined by one- way ANOVA (SPSS version 134 
13.0) and post hoc comparison by Tukey’s HSD.   For all analysis the significance level 135 
of p<0.05 was used as standard. 136 
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Results 137 
Digestibility determinations: Experimental diets 138 
Apparent digestibility coefficients for dry matter (ADMD), crude protein (ACPD) 139 
and gross energy (AGED) obtained using experimental diets are presented in Table 3. 140 
ADMD coefficients ranged from 70.9% to 85.7%. The highest ADMD value was 141 
obtained using the diet containing 30% soybean meal (SBM30) which was significantly 142 
higher (p<0.05) than those obtained using any other diet except that containing 30% rice 143 
bran (RB30) or the reference (RF) diet. By contrast, the lowest ADMD value was 144 
obtained using the diet containing 45% cassava meal  (CM45) which was significantly 145 
less  ( p<0.05) than those obtained for all other  experimental diets.  It was also shown 146 
that incorporation of more than 30% soybean or cassava meal into experimental diets 147 
resulted in a significant reduction (p<0.05) in ADMD values.  148 
 149 
ACPD coefficients obtained using experimental diets ranged from 77.1% to 150 
93.2%. ACPD coefficients for diets containing soybean meal (SBM30, SBM45) or 30% 151 
rice bran (RB30) were either significantly higher (p<0.05) or equivalent to those obtained 152 
using the fishmeal-based reference (RF) diet. By contrast, the lowest ACPD value was 153 
obtained using the diet containing 45% cassava meal  (CM45) which was significantly 154 
lower (p<0.05) than those obtained using any other experimental diet. Furthermore, it 155 
was demonstrated that if the level of any test ingredient incorporated into experimental 156 
diets was increased from 30% to 45%, there was a significant reduction (p<0.05) in the 157 
ACPD value of the diet. 158 
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AGED coefficients for experimental diets were generally high and ranged from 159 
80.2% to 92.2%. The highest AGED value was obtained using the diet containing 30% 160 
soybean meal (SBM30) which was significantly higher (p<0.05) than those obtained 161 
using other experimental diets except the diet containing 30% rice bran (RB30) or the 162 
reference (RF) diet. By contrast, the lowest ACPD value was obtained using the diet 163 
containing 45% cassava meal (CM45) which was significantly lower (p<0.05) than that 164 
obtained from other experimental diets. It was also demonstrated that if the level of rice 165 
bran, cassava meal or soybean meal incorporated into diets was increased from 30% to 166 
45% there was a significant reduction (p<0.05) in the AGED value of the diet. 167 
Digestibility determinations: Test ingredients 168 
Apparent dry matter (ADMDI), crude protein (ACPDI) and gross energy 169 
(AGEDI) digestibility coefficients calculated for specific feed ingredients are presented 170 
in Table 4. The highest ADMDI value (87.6%) was obtained for soybean meal (at 30% 171 
inclusion level) which was significantly higher (p<0.05) than values obtained for all other 172 
test ingredients. By contrast, ADMDI values obtained for cassava meal were significantly 173 
lower than those obtained for all  other test ingredients.  ACPDI values were obtained for 174 
soybean meal (at any inclusion level) and rice bran (at a 30% inclusion level) that were  175 
significantly higher  (p<0.05) than those obtained for any other test ingredient. .  By 176 
contrast, the ACPDI value obtained for  cassava meal (at 45% inclusion level) was 177 
significantly lower than those obtained for all other test ingredients. The ingredient with 178 
the highest AGEDI value (95.6%) was soybean meal, when used at a 30% inclusion level, 179 
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while values obtained using cassava meal were significantly lower (p<0.05) than those 180 
obtained for any other test ingredient.  181 
182 
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Discussion 183 
In a previous study, we demonstrated that S. serrata has a high capacity to digest 184 
a range of plant based feed ingredients (Truong et al. 2008a). In the present study we 185 
have extended these investigations and examined the potential to incorporate local plant 186 
based feed ingredients into diets formulated for the mud crab species commonly cultured 187 
in Southeast Asia (S.paramamosain). In agreement with our previous finding on S. 188 
serrata, S.paramamosain demonstrated a high capacity to digest soybean meal at 189 
inclusion levels up to 45%. These results are consistent with the findings of Catacutan et 190 
al. (2003) who reported that ADC values for dry matter and crude protein in diets 191 
formulated for S.serrata were 90.9% an 95.5%, respectively. Likewise, Tuan et al. (2006) 192 
reported that ADC coefficients for dry matter, energy and crude protein for soybean meal 193 
were relatively high with values of 95.7%, 97.1% and 97.9% respectively.   194 
In this study,  at a 30% inclusion level rice bran demonstrated generally high 195 
ADC values. This finding is in close agreement with the observations of Catacutan et al. 196 
(2003) who demonstrated that dry matter and crude protein digestibility coefficients for 197 
rice bran in S.serrata were relatively high (89% and 94% respectively). In a related study, 198 
Truong et al. (2008a) also reported high ADC coefficients for rice-based ingredients 199 
incorporated into diets formulated for S.serrata. Furthermore, incorporation of rice starch 200 
into fishmeal-based diets formulated for juvenile S.serrata did not appear to significantly 201 
reduce growth performance (Truong, Anderson, Mather, Paterson & Richardson. 2008b).  202 
Based on the above findings, and those of the current investigation, we suggest that rice-203 
based products, such as bran and starch, are generally well digested and should be 204 
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investigated further for their potential to be incorporated into aquafeeds formulated for 205 
Scylla species.   206 
A key finding of this study was that several of the ADC values for corn flour were 207 
significantly less than those obtained for rice bran or soybean meal. This result is 208 
surprising considering that Truong et al. (2008a) reported that S.serrata demonstrated a 209 
high capacity to digest diets containing corn starch.  Likewise, Catacutan et al. (2003) 210 
reported high ACPD (96.4%) and ADMD (93.2%) coefficient values for S.serrata diets 211 
containing 30% corn flour. A possible explanation for these apparent discrepancies is that 212 
there may be significant differences in the capacity of the various Scylla species to digest 213 
corn-based ingredients. Alternatively, the capacity of mud crabs to digest corn-based 214 
ingredients may be influenced by the source or preparation of the corn-based ingredient.  215 
 Relatively poor ADC values were obtained using diets containing cassava meal. 216 
This result is in contrast to other studies which have examined the potential of cassava 217 
meal for incorporation into crustacean aquafeeds. For example, Gomes & Pena (1997) 218 
reported that inclusion of 30% heated cassava meal in diets formulated for 219 
Macrobrachium rosenbergii did not significantly reduce digestibility coefficients for 220 
protein and energy. The relatively poor digestibility of cassava meal in diets formulated 221 
for mud crabs might be a consequence of the presence of toxic factors in this ingredient.  222 
Specifically, Oboh & Akindahunsi (2005) reported that rats fed a diet containing 40% 223 
cassava meal had a significant rise in the serum glutamate pyruvate transaminase and 224 
serum glutamate oxaloacetate transaminase activity indicating possible damage to the 225 
liver  and/or heart. Further studies will be required to determine what factors may be 226 
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inhibiting the digestion of cassava meal in S.paramamosain and if the relatively poor 227 
digestibility of this ingredient is consistent across other Scylla species.   228 
An important observation of the current study was that several ADC values for 229 
diets and test ingredients were significantly reduced when ingredient inclusion levels 230 
were raised. For example, the ACPDI values for rice bran and cassava meal were reduced 231 
by approximately 9% and 15%, respectively, when the dietary inclusion level was raised 232 
from 30% to 45%. These findings are consistent with those of other workers who have 233 
reported increased incorporation of plant-based materials can impact negatively on the 234 
digestibility of aquaculture diets. For example, Hansen, Rosenlund, Karlsen, Olsvik & 235 
Hemre (2006) reported that plant-based ingredients reduced protein and fat digestibility 236 
in formulated cod diets. Likewise, alpha-cellulose reduced the digestibility of diets 237 
formulated for the shrimp Macrobrachium rosenbergii (Gonzalez-Pena, Anderson, Smith 238 
& Moreira 2002). By contrast, other workers have demonstrated that increased 239 
incorporation of plant-based materials can improve aquaculture diet digestibility. For 240 
example, Bautista-Teruel, Eusebio & Welsh (2003) reported that higher ADC values for 241 
dry matter and crude protein were achieved if the level of feed pea meal incorporated into 242 
practical diets for Penaeus monodon was increased. Likewise, cornstarch has been used 243 
to improve the digestibility of diets formulated for the white shrimp, Litopenaeus 244 
vannamei (Guo, Liu, Tian & Huang 2006).  245 
At present, it is unclear why there are differences in the impacts of plant-based 246 
ingredients on aquaculture diets. Such variations may reflect species-related differences 247 
in the capacity of candidate organisms to digest plant-based materials. For example, in 248 
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these laboratories it has been shown that enzymes, such as cellulase, which are required 249 
for the breakdown of plant-based materials are present at much higher levels in the 250 
digestive system of the omnivorous redclaw crayfish Cherax quadricarinatus, than in 251 
digestive tissues from the carnivorous mud crab S.serrata (Pavasovic, Richardson, 252 
Anderson, Mann & Mather 2004; Pavasovic, Anderson, Mather. & Richardson 2007). It 253 
is also possible that differences in the digestibility of plant-based materials may reflect 254 
how the addition of these materials has affected the levels of other dietary components. 255 
For example, Guo et al (2006) speculated that adding corn starch to shrimp diets helped 256 
improve digestibility by permitting a reduction in the level of less digestible dietary 257 
components, such as cellulose.   258 
In conclusion, the current investigation has shown that at a 30% inclusion level, 259 
soybean meal and rice bran did not impact negatively  on the digestibility of fishmeal-260 
based artificial diets. Moreover, even at an inclusion level of 45%, crude protein and 261 
gross energy digestibility of experimental diets was not significantly reduced by the 262 
presence of soybean meal. This suggests that soybean meal and rice bran are ingredients 263 
with high potential for inclusion into diets formulated for S. paramamosain. By contrast, 264 
corn flour demonstrated only limited potential for inclusion into diets formulated for 265 
S.paramamosain. In particular ADC values were generally less than those observed in 266 
similar studies performed using S.serrata. Another important finding of the current study 267 
was that cassava meal demonstrated poor potential for inclusion in diets formulated for 268 
S.paramamosain, at least over the inclusion range tested.   269 
 270 
 271 
 15
Acknowledgements 272 
The authors would like to thank Nguyen Co Thach, Truong Quoc Thai, Nguyen 273 
T. X. Thu, and Nguyen Xuan Nam at Research Institute for Aquaculture No3 for their 274 
technical assistance. This study was supported by Ministry of Education and Training, 275 
Vietnam and ACIAR Mud Crab Project FIS/2000/065, Australia. Our gratitude is also 276 
extended to Tran Dinh Thanh of SEAPRODEX Company (Da Nang, Viet Nam) for 277 
supplying the fishmeal.  278 
 279 
 280 
 281 
 282 
 283 
 284 
 285 
 286 
 287 
 288 
 289 
 290 
 291 
292 
 16
References     293 
AOAC (1984) Official methods of analysis, 14th edn. Association of Official Analytical 294 
Chemists. Washington, DC, USA. 295 
Bautista-Teruel M.N., Eusebio P.S. & Welsh T.P. (2003) Utilisation of feed pea, Pisum 296 
sativum, meal as a protein source in practical diets for juvenile tiger shrimp, Penaeus 297 
monodon. Aquaculture 225, 131-131. 298 
 299 
Bureau D.P., Harris A.M. & Cho C.Y. (1999) Apparent digestibility of rendered animal 300 
protein ingredients for rainbow trout (Oncorhynchus mykiss). Aquaculture 180, 345-358.  301 
Catacutan M.R. (2002) Growth and body composition of juvenile mud crab, Scylla 302 
serrata, fed different dietary protein and lipid levels and protein to energy ratios. 303 
Aquaculture 208, 113-123. 304 
Catacutan, M.R., Uusebio, P.S. & Teshima, S. (2003) Apparent digestibility of selected 305 
feedstuffs by mud crab, Scylla serrata. Aquaculture 216, 253-261. 306 
 307 
Christensen S.M., Macintosh D.J. & Phuong N.T. (2004) Pond production of the mud 308 
crabs Scylla paramamosain (Estampador) and S.olivacea (Herbst) in the Mekong Delta, 309 
Vietnam, using two different supplementary diets. Aquaculture Research 35, 1013-1024.  310 
Edwards P., Tuan L.A. & Allan, G.L. (2004) A survey of marine trash fish and fish meal 311 
as aquaculture feed ingredients in Vietnam. ACIAR Working Paper No. 57. 312 
 17
Fielder D. (2004) Crab Aquaculture Scoping Study and Workshop. In: Mud Crab 313 
Aquaculture in Australia and Southeast Asia. ACIAR Working Paper No.54 (ed. by G. 314 
Allan and D. Fielder), pp. 10-30. Australia Centre for International Agriculture Research.  315 
Furukawa A. & Tsukahara H. (1966) On the acid digestion method for the determination 316 
of chromic oxide as an index substance in the study of digestibility of fish feed. Nippon 317 
Suisan Gakkaishi 32, 502-506. 318 
Gomes S.Z. & Pena M.D.G. (1997) Apparent digestibility of cassava (Manihot esculenta) 319 
by freshwater prawn (Macrobrachium rosenbergii). Journal of  the Brazilian Society of 320 
Animal Science 26 (5), 858-862. 321 
Gonzalez-Pena M.D.C., Anderson A.J, Smith D.M. & Moreira G.S. (2002). Effect of 322 
dietary cellulose on digestion in the prawn Macrobrachium rosenbegii. Aquaculture 211, 323 
291-303. 324 
Guo R., Liu Y.J. Tian L.X. & Huang J.W. (2006) Effect of dietary cornstarch levels on 325 
growth performance, digestibility and microscopic structure in the white shrimp, 326 
Litopenaeus vannamei reared in brackish water. Aquaculture Nutrition 12, 83-88. 327 
Hansen A.C., Rosenlund G., Karlsen R., Olsvik P.A. & Hemre G.I. (2006) The inclusion 328 
of plant protein in cod diets, its effects on macronutrient digestibility, gut and liver 329 
histology and heat shock protein transcription. Aquaculture Research 37, 773-784.  330 
 331 
Jones P.L. & De Silva S.S. (1998) Comparison of internal and external markers in 332 
digestibility studies involving the Australian freshwater crayfish, Cherax destructor Clark 333 
(Decapoda, Parastacidae). Aquaculture Research 29, 487-493.  334 
 18
Keenan C.P. (1999) Aquaculture of the Mud Crab, Genus Scylla- Past, Present and 335 
Future. In: Mud Crab Aquaculture and Biology. ACIAR Proceedings, No 78 (ed. By C.P. 336 
Keenan and A. Blackshaw), pp. 9-14. Australia Centre for International Agriculture 337 
Research. 338 
Oboh G. & Akindahunsi, A.A. (2005) Nutritional and toxicological evaluation of 339 
Saccharomyses cerevicae fermented cassava flour. Journal of Food Composition and 340 
Analysis 18, 731-738.  341 
 342 
Pavasovic M., Richardson N.A., Anderson A.J., Mann D. & Mather P.B. (2004) Effect of 343 
pH, temperature and diet on digestive enzyme profiles in the mud crab, Scylla serrata. 344 
Aquaculture 242, 641-654.  345 
 346 
Pavasovic A., Anderson A., Mather P. & Richardson N. (2007) Effect of a variety of 347 
animal, plant and single cell-based feed ingredients on diet digestibility and digestive 348 
enzyme activity in redclaw crayfish, Cherax quadricarinatus (Von Martens 1868). 349 
Aquaculture 272, 564–572 350 
Truong H.P., Anderson A.J., Mather P.B., Paterson B.D. & Richardson N.A. (2008a) 351 
Effect of selected feed meals and starches on diet digestibility in the mud crab, Scylla 352 
serrata. Aquaculture Research (in press). 353 
Truong H.P., Anderson A.J., Mather P.B.,  Paterson B.D. & Richardson N.A. (2008b) 354 
Effect of dietary protein and starch on growth and feed utilisation in the juvenile mud 355 
crab, Scylla serrata. In preparation. 356 
 19
Tuan V.A., Anderson A., Luong-van J., Shelley C. & Allan G. (2006) Apparent 357 
digestibility of some nutrient sources by juvenile mud crab, Scylla serrata (Forskål 358 
1775). Aquaculture Research 37 (4): 359-365. 359 
William C.W.S & Abdullah M.I. (1999) Pen culture of mud crabs, genus Scylla in the 360 
Mangrove Ecosystem of Sarawak, east Malaysia. In: Mud Crab Aquaculture and Biology 361 
(ed. by C.P. Keenan & A. Blackshaw), pp 83-88. Australia Centre for International 362 
Agriculture, Australia. 363 
 364 
 365 
 366 
                  367 
 368 
 369 
 370 
 371 
 372 
373 
 20
 374 
Table 1: Composition of diets formulated for the digestibility trial using different local 375 
ingredients (% dry weight basis).  376 
Ingredient (%)    Diet      
 g100g-1  RF1 RB30  RB45 CM30 CM45  CF30 CF45  SBM30  SBM45  
Fish meal2 81.5 51.5 36.5 51.5 36.5 51.5 36.5 51.5 36.5 
Binder 
(Wheat gluten) 
5 5 5 5 5 5 5 5 5 
Cod liver oil3 3 3 3 3 3 3 3 3 3 
CaHPO4 3 3 3 3 3 3 3 3 3 
Common 
Ingredients4 
7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 
Rice bran (RB)5 - 30 45 - - - - - - 
Cassava meal 
(CM)5 
- - - 30 45 - - - - 
Corn flour (CF)5 - - - - - 30 45 - - 
Soybean meal 
(SBM)5 
- - - - - - - 30 45 
1 Reference diet   377 
2 Peruvian fish meal  378 
3 Healthier of Australia (Healtheries of New Zealand, Auckland, New Zealand)    379 
4 Common ingredients (g100g-1): dried squid (5%); chromic oxide (Cr2O3) (0.5%); 380 
mineral and vitamin premix (2%),  (active ingredients per kg –1 of premix  4.68 g 381 
K2HPO4; 7.12 g MgSO4.7H2O; 1.84 g NaH2PO4.2H2O; vitamin premix (kg-1) - 100000 382 
IU vitamin retinol; 500 mg thiamine; 1.75g  riboflavin; 1.125g 1125 mg pyridoxine 383 
hydrochloride; 3.75g  cyanocobalamin; 25g  ascorbic acid; 50g  colecalciferol; 20 000 IU 384 
d-alpha-tocopheryl acid succinate; 50 mg biotin).   385 
5 Products of Vietnam 386 
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Table 2: Dry matter (DM), gross energy (GE MJ kg-1), crude fat (CF), crude protein (CP) 387 
and ash of experimental diets and test ingredients used in the formulated diets (% dry 388 
weight basis) 389 
Sources DM 
(%) 
CP 
(%) 
CF  
(%) 
Ash  
(%) 
GE1 
(MJ kg-1) 
Experimental diets 
RF 
 RB30 
RB45  
 CM30 
 CM45 
 CF30 
 CF45 
 SBM30 
 SBM45 
Test ingredients 
Fish meal 
Defatted soy bean 
Rice bran 
Cassava meal 
Corn flour 
 
93.6 
91.2 
90.1 
91.1 
92.4 
89.0 
90.9 
93.4 
93.8 
 
93.6 
91.2 
90.2 
93.6 
92.2 
 
65.3 
48.5 
40.1 
46.5 
37.1 
46.6 
37.2 
56.0 
51.4 
 
71.2 
40.1 
15.1 
8.2 
8.6 
 
11.2 
11.7 
11.4 
10.8 
10.0 
11.2 
10.6 
10.2 
9.4 
 
8.7 
1.4 
6.8 
3.6 
4.9 
 
16.4 
11.7 
9.3 
11.7 
9.3 
14.4 
13.3 
13.8 
12.4 
 
16.8 
7.4 
8.1 
9.2 
4.6 
 
20.4 
18.9 
18.6 
18.6 
18.0 
18.8 
18.4 
19.6 
19.6 
 
21.0 
20.1 
18.8 
17.4 
18.2 
1 Determined using a bomb calorimeter at Nha Trang University 390 
 391 
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Table 3: Apparent digestibilities (%) for dry matter (ADMD), crude protein (ACPD) and 392 
gross energy (AGED) in experimental diets  393 
Diet ADMD ACPD AGED 
RF 
 RB30 
 RB45 
 CM30 
 CM45 
 CF30 
 CF45 
 SBM30 
 SBM45 
84.9 ± 0.5e 
82.6 ± 0.2de 
80.6 ± 0.4cd 
75.8 ± 0.9b 
70.9 ± 0.6a 
80.2 ± 0.1cd 
78.9 ± 0.3c 
85.7 ± 0.3e 
81.6 ± 0.2cd 
90.9 ± 0.5d 
91.8 ± 0.4d 
87.8 ± 0.4c 
84.7 ± 0.8b 
77.1 ± 0.7a 
87.8 ± 0.2c 
83.6 ± 0.3b 
93.2 ± 0.4e 
92.1 ± 0.9d 
90.7 ± 0.7de 
90.6 ± 0.4de 
87.3 ± 0.7c 
83.8 ± 1.1b 
80.2 ± 0.5a 
88.7 ± 0.5cd 
85.6 ±  0.37bc 
92.2 ± 0.4e 
88.6 ± 0.3cd 
Values are means ± SE (n = 4 replicates per treatment). Means in the same column with 394 
the same superscript are not significantly different (p>0.05) from one another 395 
 396 
 397 
 398 
 399 
 400 
 401 
 402 
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Table 4: Apparent digestibility coefficients (%) for dry matter (ADMDI ), crude protein 403 
(ACPDI ) and gross energy (AGEDI ) of test ingredients used in formulated diets  404 
Sources Inclusion  
(%) 
ADMDI  
(%) 
ACPDI  
(%) 
AGEDI 
(%) 
Rice bran 30 77.3±1.7c 93.8±0.4d 90.2±1.8cd 
 45 75.3±1.2bc 84.0±0.7c 83.1±1.6bc 
Cassava meal 30 54.8±0.9a 70.3±2.6b 67.8±0.9a 
 45 53.8±1.1a 60.2±1.3a 67.3±1.1a 
Corn flour 30 69.2±1.2b 80.6±0.9c 83.9±1.9bc 
 45 71.5±0.8bc 74.7±0.5b 79.4±1.4b 
Defatted soy bean 30 87.6±2.4d 98.4±0.4d 95.6±2.9d 
 45 77.5±0.5c 93.5±0.2d 86.1±0.7bc 
Values are means ± SE (n = 4 replicates per treatment). Means in the same column with 405 
the same superscript are not significantly different (p>0.05) from one another 406 
 407 
 408 
 409 
 410 
 411 
 412 
